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REFLECTION OF ELECTROMAGNETIC ULTRA-SHORT PULSE
ON NON-UNIFORM DIELECTRIC MEDIUM 
Y.M. Karachevtsev
Kharkiv National University, Kharkov, 61108, Ukraine
In  this  paper  the  reflection  of  ultra-short  pulse  electromagnetic  waves  on  inhomogeneous  dielectric  matter 
determined by dielectric susceptibility ( )zε  is discussed. Coefficient of reflection is obtained. Frequency dispersion 
is neglected. Ultra-short pulse waves are considered as a row of Lugger polynoms.
PACS: 52.40.Mj
INTRODUCTION
The problem of carrying out researches related to the 
propagation of monochromatic and, particularly, ultra-
short pulse (few-cycle) electromagnetic waves in non-
uniform medium  is  very  topical  because  we  have  to 
consider  this  problem  in  geophysics,  optics  of 
semiconductors and polymers, physics of laboratory and 
cosmic plasma in the first case and in electrodynamics 
of ultra-short (transient) pulse electromagnetic waves in 
the latter case. Exact solutions of Maxwell equations for 
the profile of dielectric permeability
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and reflection coefficients of ultra-short pulse waves are 
obtained in this paper.
1. THE MODEL AND BASIC EQUATIONS
Paper  [1]  deals  with  the  common  (universal) 
approach  used  while  studying  propagation  of  planar 
monochromatic waves in non-uniform dielectric media. 
Paper [2] concerns the propagation of ultra-short pulse 
waves  in  non-uniform dielectric  media.  By using  the 
approach stated in [1], let us consider propagation of a 
planar  electromagnetic  wave  in  non-uniform,  non-
magnetic  dielectrics  determined  by  the  dielectric 
permeability ε  depending on the coordinate z. Suppose 
that dependence )z(ε  is as follows:
( ) ( )zUnz 220=ε ,                     (1.1)
where  0n - refraction index in the neighborhood of the 
dielectric  medium  boundary  0=z ;  )z(U - 
dimensionless function determining spatial distribution 
of the dielectric permeability.
( ) 10 ==zzU .                                            (1.2)
Let us write Maxwell equations for the continuous 
medium:
t
B
c
Erot ∂
∂

 1
−= ,                                        (1.3)
t
D
c
Hrot ∂
∂

 1
= .                                          (1.4)
Suppose that ( ) xxeEzD  ε= , yyeHB  =  and, by using 
equations (1.3), (1.4) we can obtain:
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Taking into account the fact that the vector-potential 
A

 determines the electric and magnetic components of 
the electromagnetic field by equations (1.7) and (1.8)
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where ( ) xxx et,zAeAA  ψ0== in our case, we obtain
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Let us use new functions F and Q, and variable  η  in 
order to simplify equation (1.9).
( ) ( )zUt,F 2
1
−
= ηψ ,                                (1.10)
( ) ( )zUzQ 1−= ,                                      (1.11)
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Equation (1.9) gives in this case
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where 
2
22
2
2
1
4
1
z
QQ
z
Qp
∂
∂
∂
∂
−


= .                         (1.14)
Let us make an assumption that constp =  in order 
to determine the profile U. By substituting infinite series 
∑∞
− ∞=i
i
i zd  in (1.14), we can deduce that
( ) 2222111 L/zsL/zsQ ++= ,                 (1.15)( ) 22221212 4 L/sL/sp −= ,                       (1.16)
where 101 ±= ,s ; 102 ±= ,s .                                (1.17)
2. PROPAGATION OF ULTRA-SHORT 
PULSE
Using new variables (2.1)
1
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equation (1.13) can be written as
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This is the Klein-Gordon equation. Equation (2.2), exact 
non-periodic  solutions  describing  non-stationary 
electromagnetic  waves  propagating  in  non-uniform 
dielectrics from boundary 0=β  ( 0=η , 0=z ) into its 
depth are determined by the formulae as follows:
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where qJ - Bessel function. It is evidently that
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Thus,  the  potential  of  the  electromagnetic  field  is 
equal to
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Electrical and magnetic components are as follows:
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where ( )[ ]22 241 +− +−= qqqq p,pe ζζτηζ ,           (2.11)
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Variable η  can be deduced by using formula (1.11). 
It is equal, for instance, to
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where  y  denotes  the  expression  ( )12 2L/Ly = . 
Electrical  and  magnetic  components  calculated  in  the 
boundary under consideration ( 00 ==zη ,  ( ) 10 ==zzU ) 
are equal to
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( ) ( ) ( ) ( )[ ]pJpJpJe qqqq τττ 220 241 +− +−= ,           (2.16)
( ) ( ) ( )[ ]{ −−= +− pJpJnh qqq ττ 2200 41
( )[ ]}111111 +−−− −− qq JpJLps τ                                   (2.17)
Let  us  consider  the  ultra-short  pulse  electrical 
component to be determined by the series expansion on 
Lugger functions ( )xLm . 
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where ( ) ( ) ( )[ ]mmmm xxexpdxd!m /xexpxL −= 2 , ( ) 01 t/zctx −−= , 0t  - parameter. It is known that 
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Let  us  consider  wave ( ) ( )xFEtE in 0= ,  where
( ) ( ) ( )[ ]xLxLBxF 200 −= , falling from the vacuum onto 
the dielectric medium. It is necessary ( )0xE  and ( )0yH  to 
be  written  by  using  a  series  expansion  on  Lugger 
functions  in  order  to  obtain  reflection  coefficients 
because we are going to equalize wave harmonics by 
using continuity conditions.
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where  0t/tx =′ ,  pcnt 100
−
=α . By using the continuity 
conditions we get the infinite set of equations. It is as 
follows for the electrical component:
( ) 1010001 TpnARBEin −−=+ , 111001 TpnABREin −−= , 
( ) 1210021 TpnARBEin −−=+− , and so on.              (2.23)
In general, the set is written as:
( ) mmmin TpnARlBE 1100 −−=+ , 
( ) mmmin TpnARlBE 2100 −−=− ,                (2.24)
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where  10 ±= ,lm .  From  here,  the  desired  reflection 
coefficients are determined by (2.25).
( ) ( ) ( )mmmmmm T/T/T/TlR 1212 11 +−=α .               (2.25)
Coefficients  qa  can be calculated by using the infinite 
set of algebraic equations (2.24).
CONCLUSIONS
Coefficient  of  reflection  of  electromagnetic  pulse 
waves determined by (2.18) on the boundary between 
vacuum and non-uniform dielectric medium described 
by spatial  distribution of  dielectric  permeability  (1.1), 
(1.11), (1.15), (1.17) is obtained. The approach used in 
[1]  in  order  to  solve  exactly  Maxwell  equations  is 
generalized  while  deducing  reflection  coefficients 
(2.25).
The  author  is  grateful  to  Prof.  Karas  V.I.  for  the 
problem  stated  and  for  the  fruitful  and  interesting 
discussions while considering the problem.
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ОТРАЖЕНИЕ ЭЛЕКТРОМАГНИТНОГО ИМПУЛЬСА ОТ НЕОДНОРОДНОЙ 
ДИЭЛЕКТРИЧЕСКОЙ СРЕДЫ 
Я.Н. Карачевцев
В  работе  рассмотрено  отражение  видеоимпульсов  от  неоднородной  диэлектрической  среды  с 
диэлектрической  проницаемостью  ( )zε .  Частотная  дисперсия  не  учитывается.  Для  видеоимпульса 
используется разложение в ряд по функциям Лаггера. Найдены коэффициенты отражения.
ВІДБИТТЯ ЕЛЕКТРОМАГНІТНОГО ІМПУЛЬСУ ВІД НЕОДНОРІДНОГО 
ДІЕЛЕКТРИЧНОГО СЕРЕДОВИЩА
Я.М. Карачевцев
У  роботі  розглянуто  відбиття  відеоімпульсів  від  неоднорідного  діелектричного  середовища  із 
діелектричною проникністю ( )zε .Частотна дисперсія не враховується. Для відеоімпульсу використовується 
розклад в ряд за функціями Лаггера. Знайдено коефіцієнти відбиття.
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